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RADIO SIGNAL TRANSMISSION METHOD,
RADIO SIGNAL TRANSMITTING DEVICE,
RADIO SIGNAL RECEIVING DEVICE,
RADIO BASE STATION DEVICE AND RADIO
TERMINAL DEVICE

CROSS-REFERENCE TO RELAT.
APPLICATION

T
.

This application 1s a continuation application of Interna-
tional Application PCT/JP2011/722770, filed on Sep. 28, 2011

and designated the U.S., the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are directed to a radio

signal transmission method, a radio signal transmitting
device, a radio signal receiving device, a radio base station
device, and a radio terminal device.

BACKGROUND

In a down link radio section of a long term evolution (LTE)
whose specification 1s being developed 1 3rd generation
partnership project (3GPP), transmission of radio data from a
radio base station to a mobile radio terminal 1s performed
using a radio sub frame having a length of 1 ms as a basic unait.

In this system, a radio sub frame 1s configured with 14 (or
12) OFDM symbols, a control signal 1s transmitted using one
to three OFDM symbols 1n the head of each radio sub frame,
and a data signal 1s transmitted using the remaining OFDM
symbols.

The control signal includes information used when the
mobile radio terminal recerves the data signal. Specifically,
the control signal includes frequency domain information in
which the data signal 1s arranged, information such as a
modulation scheme, a code rate, and a hybrid automatic
repeat request (HARQ) which are applied to the data signal,
and the like.

FIGS. 1 and 2 are diagrams 1llustrating exemplary configu-
rations of a transmitting device equipped in a radio base
station and a recerving device equipped 1n a mobile radio
terminal according to a related art.

Asillustrated in FIG. 1, 1n a transmitting device 100, a data
signal generated by a data signal generator 101 and a control
signal generated by a control signal generator 102 are time-
multiplexed by a time multiplexer 103, so that a radio sub
frame including the data signal and the control signal 1s con-
figured.

Then, the radio sub frame 1s subjected to a certain modu-
lation process and a radio transmission process (for example,
an up converting process) in a modulating/RF unit 104 and
then transmitted to the mobile radio terminal through a trans-
mitting antenna 105.

Meanwhile, 1n a recerving device 200 of the mobile radio
terminal, as illustrated 1n FIG. 2, a radio signal received
through a receiving antenna 201 1s subjected to a certain
demodulation process and a radio reception process (for

example, a down converting process ) 1n an RP/demodulating
unit 202 and then time-demultiplexed by a time demultiplexer
203.

A control signal extractor 2035 extracts a control signal
from an output from the time demultiplexer 203, and outputs
the control signal to a data signal extractor 204.
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The data signal extractor 204 extracts a data signal from an
output from the time demultiplexer 203 based on the control
signal output from the control signal extractor 205, and out-
puts the data signal.

In recent years, mobile communication systems have been
continuously developed, and 1t 1s preferred to increase a data
transmission peak rate and a data transmission throughput
while reducing a data transmission delay.

As a technique of reducing a data transmission delay, a
technique of reducing a length of the radio sub frame 1s
clfective (see FIG. 3A).

However, since a control signal has the size of a fixed value
although a length of a radio sub frame 1s reduced, as a length
of a radio sub frame decreases, a ratio at which the control
signal occupies 1n the radio sub frame increases, and a ratio of
an area that can be used for transmission of the data signal
decreases.

For this reason, as a length of a radio sub frame decreases,
data transmission eificiency deteriorates.

Meanwhile, when a length of a radio sub frame 1s
increased, data transmission efliciency 1s improved, but a
delay increases due to data processing such as retransmission
control (see FIG. 3B).

In other words, the data transmission efficiency and the
data transmission delay have a trade-oif relation according to
a change 1n the length of the radio sub frame.

As described above, as mobile communication systems
have been continuously developed, opportunities to transmit
data of a large size increase, and data that 1s severe 1n a
required transmission delay characteristic but i1s not large in
the size such as audio data 1s transmitted as well.

As described above, a preferred transmission rate or a
required transmission delay characteristic differs according,
to data to be transmitted, and thus it 1s preferable to select an
optimal transmission method according to the nature of data.

Thus, 1t 1s one of problems to efliciently transmait various
kinds of data having different required characteristics in the
same radio section.

As a solution approach to solve the problem, a technique of
time-multiplexing and transmitting radio sub frames of dii-
terent lengths on the same carrier has been known (see Patent
Reterence 1).

Patent Reference 1: Japanese National Publication of Inter-
national Patent Application No. 2008-535391

FIG. 4 1s a diagram 1illustrating a structure 1n which radio
sub frames of different lengths are time-multiplexed.

When a radio sub frame of a length different from a radio
sub frame of a length specified 1n an existing system 1s time-
multiplexed, a mobile radio terminal designated based on an
existing specification can receive only data transmitted
through the radio sub frame of the length specified in the
ex1isting system.

For example, when a radio sub frame longer than a radio
sub frame of an existing specification 1s newly introduced, a
mobile radio terminal designated based on the existing speci-
fication 1s unable to recerve data transmitted through the
newly mtroduced long radio sub frame.

In other words, a time zone 1n which the radio base station
1s unable to transmit data to the mobile radio terminal
designed based on the specification of the existing system
occurs, and transmission elliciency of the system deterio-
rates. For this reason, this approach 1s inetficient.

As another solution approach to solve the above problem,
a technique of transmitting radio sub frames of different
lengths on different radio carriers 1s considered. The radio
base station selects a radio carrier to be used to transmit data
according to the nature of data to be transmitted. In this case,
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the mobile radio terminal constantly monitors a plurality of
radio carriers 1n order to be capable of recerving data trans-
mitted through any of the plurality of radio carriers, and thus
a processing load of the mobile radio terminal 1ncreases.

SUMMARY

(1) As a first solution, provided 1s a radio signal transmis-
sion method which includes, when a plurality of radio signals
having different sub frame lengths are transmitted on the
same radio carrier, arranging a radio signal of a short sub
frame length (hereinafter, referred to as a “short sub frame
length signal”) 1nside a carrier band, and arranging a radio
signal of a sub frame length (hereinafter, referred to as a “long
sub frame length signal”) longer than the sub frame length of
the short sub frame length signal outside the carrier band.

(2) As a second solution, provided 1s a radio signal trans-
mission method which includes, when an existing radio sig-
nal having a certain sub frame length and a new radio signal
having a sub frame length different from the sub frame length
of the existing radio signal are transmitted together on the
same radio carrier, arranging the existing radio signal inside a
carrier band and arranging the new radio signal outside the
carrier band.

(3) As a third solution, provided 1s a radio signal transmit-
ting device that transmits a plurality of radio signals having,
different sub frame lengths on the same radio carrier which
includes a short sub frame length signal generator that gen-
crates a radio signal of a short sub frame length (heremafter,
referred to as a “short sub frame length signal™), a long sub
frame length signal generator that generates a radio signal of
a sub frame length (hereinafter, referred to as a “long sub
frame length signal”) longer than the sub frame length of the
short sub frame length signal, and a signal multiplexer that
performs time multiplexing and frequency multiplexing on
the short sub frame length signal and the long sub frame
length signal such that the short sub frame length signal
generated by the short sub frame length signal generator 1s
arranged 1nside a carrier band, and the long sub frame length
signal generated by the long sub frame length signal genera-
tor 1s arranged outside the carrier band.

(4) As a fourth solution, provided 1s a radio signal trans-
mitting device that transmits an existing radio signal having a
certain sub frame length and a new radio signal having a sub
frame length different from the sub frame length of the exist-
ing radio signal together on the same radio carrier, which
includes an existing radio signal generator that generates the
existing radio signal, a new radio signal generator that gen-
crates the new radio signal, and a signal multiplexer that
performs time multiplexing and frequency multiplexing on
the existing radio signal and the new radio signal such that the
existing radio signal generated by the existing radio signal
generator 1s arranged 1nside a carrier band, and the new radio
signal generated by the new radio signal generator 1s arranged
outside the carrier band.

(5) As a fifth solution, provided 1s a radio signal receiving
device that recetves either of the short sub frame length signal
and the long sub frame length signal from the radio signal
transmitting device, which includes a signal demultiplexer
that performs time demultiplexing and frequency demulti-
plexing on the short sub frame length signal and the long sub
frame length signal, a control immformation extractor that
extracts control information related to the short sub frame
length signal and control information related to the long sub
frame length signal from a signal demultiplexed by the signal
demultiplexer, and a signal extractor that extracts the short
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sub frame length signal and the long sub frame length signal
based on the control information extracted by the control

information extractor.

(6) As a sixth solution, provided 1s a radio signal recerving
device that receives either of the existing radio signal and the
new radio signal from the radio signal transmitting device,
which includes a signal demultiplexer that performs time
demultiplexing and frequency demultiplexing on the existing
radio signal and the new radio signal, a control information
extractor extracts control information related to the existing
radio signal and control information related to the new radio
signal from a signal demultiplexed by the signal demulti-
plexer, and a signal extractor that extracts the existing radio
signal and the new radio signal based on the control informa-
tion extracted by the control information extractor.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out 1n the claims. It 1s to be understood
that both the foregoing general description and the following
detailed description are exemplary and explanatory and are
not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating an exemplary configuration
of a transmitting device equipped i1n a radio base station
according to a related art.

FIG. 2 1s a diagram 1llustrating an exemplary configuration
of a recetving device equipped 1n a mobile radio terminal
according to a related art.

FIGS. 3A and 3B are diagrams 1llustrating exemplary con-
figurations of a radio sub frame.

FIG. 4 1s a diagram 1llustrating an exemplary configuration
in which sub frames of diflerent lengths are time-multiplexed.

FIG. 5 1s a diagram 1llustrating an exemplary configuration
of a transmitting device according to a first embodiment.

FIG. 6 1s a diagram 1llustrating an exemplary configuration
of a receiving device according to the first embodiment.

FI1G. 71s a diagram illustrating exemplary mapping accord-
ing to the first embodiment.

FIG. 8 1s a diagram 1llustrating an exemplary configuration
of a transmitting device according to a second embodiment.

FIG. 9 1s a diagram 1llustrating an exemplary configuration
ol a recerving device according to the second embodiment.

FIG. 10 1s a diagram illustrating exemplary mapping
according to the second embodiment.

FIG. 11 1s a diagram 1llustrating an exemplary configura-
tion of a transmitting device according to a first modification
of the second embodiment.

FIG. 12 1s a diagram 1llustrating an exemplary configura-
tion of areceiving device according to the first modification of
the second embodiment.

FIG. 13 1s a diagram illustrating exemplary mapping
according to the first modification of the second embodiment.

FIG. 14 1s a diagram 1illustrating exemplary mapping
according to a second modification of the second embodi-
ment.

FIG. 15 1s a diagram 1illustrating mapping according to a
modification of the first embodiment.

FIG. 16 1s a diagram illustrating a transmitting device
according to a modification of the first embodiment.

FI1G. 17 1s a diagram illustrating a recerving device accord-
ing to a modification of the first embodiment.

FIG. 18 1s a diagram 1illustrating mapping according to a
modification of the second embodiment.

FIG. 19 15 a diagram 1illustrating exemplary configurations
of a base station device employing the transmitting device of
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the present disclosure and a radio terminal device employing,
the recerving device of the present disclosure.

DESCRIPTION OF EMBODIMENTS

Hereinafter, exemplary embodiments of the present disclo-
sure will be described with reference to the appended draw-
ings. The following embodiments are merely exemplary and
not mtended to exclude applications of various changes or
techniques which are not set forth 1n the following embodi-
ments and modifications thereof. In other words, various
changes can be made on the following embodiments and
modifications thereof within the scope not departing from the
g1st of the present disclosure.

[1] First Embodiment

The present embodiment will be described 1n connection
with an example 1 which a signal having a radio sub frame
longer than a signal (an existing radio signal) having a radio
sub frame according to the existing specification 1s newly
introduced.

In the following, a signal having a short radio sub frame
specified 1n the existing specification 1s also referred to as a
“short sub frame length signal” or “existing radio signal.”
Further, a signal having a long radio sub frame which 1s newly
introduced 1s also referred to as a “long sub frame length
signal” or “new radio signal.”

FIG. 5 15 a diagram 1illustrating a configuration of a trans-
mitting device according to a first embodiment.

For example, a transmitting device 10 1llustrated in FIG. 5
includes data signal generators 11 and 14, control signal
generators 12, 15, and 16, time multiplexers 13 and 19, a
frequency multiplexer 17, a multiplexer 18, a modulating/RF
unit 20, and a transmitting antenna 21.

The data signal generator 11 generates a data signal of a
short sub frame length signal, and the control signal generator
12 generates a control signal associated with transmission of
the data signal of the short sub frame length signal generated
in the data signal generator 11.

In other words, the data signal generator 11 and the control
signal generator 12 function as an example of a short sub
frame length signal generator that generates a radio signal of
a short sub frame length.

Further, generation of the data signal and generation of the
control signal associated with transmission of the generated
data signal are performed for each radio terminal device, and
data for one or more radio terminal devices 1s transmitted
through one short sub frame. The data signal generator 11 and
the control signal generator 12 generate the data signal and
the control signal for one or more radio terminal devices for
cach sub frame.

For example, the control signal includes information used
when the mobile radio terminal recetves the data signal. Spe-
cifically, the control signal includes frequency domain infor-
mation 1n which the data signal 1s arranged, information such
as a modulation scheme, a code rate, and hybrid automatic
repeat request (HARQ) information which are applied to the
data signal, and the like. The frequency domain information
represents a frequency position at which data 1s transmitted in
a transmission area ol a short sub frame length signal (exist-
ing radio signal) (or a transmission area of a long sub frame
length signal (new radio signal)), but among blocks of equal
intervals obtained by dividing the entire bandwidth of the
transmission area of the short sub frame length signal (exist-
ing radio signal), a block that data to be transmitted occupies
may be represented using a bit map or the like.
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Information related to a frequency width of the transmis-
sion area of the short sub frame length signal (existing radio
signal) 1s shared by all radio terminal devices, but the infor-
mation 1s 1ncluded 1n a notification signal (notification infor-
mation) repetitively transmitted at certain time intervals and
transmitted from a radio base station device. In the drawings
illustrated 1n the present specification, the notification signal
1s not described. In the 3GPP LTE system, the notification
signal including the information related to the entire fre-
quency width of the transmission area of the short sub frame
length signal 1s transmitted using a physical channel such as
a physical broadcast channel (PBCH). Further, the content of
the control signal 1s similar in the following.

The data signal generated in the data signal generator 11
and the control signal generated 1n the control signal genera-
tor 12 are time-multiplexed 1n the time multiplexer 13, so that
a short sub frame length signal 1s configured.

The data signal generator 14 generates a data signal of a
long sub frame length signal having a certain size, and the
control signal generator 15 generates a control signal associ-
ated with transmission of the data signal of the long sub frame
length signal generated in the data signal generator 14. In
other words, the data signal generator 14 and the control
signal generator 15 function as an example of a long sub
frame length signal generator that generates a radio signal of
a long sub frame length longer than a sub frame length of the
short sub frame length signal. Further, the control signal
generator 16 1s able to generate a control signal associated
with transmission of the data signal of the short sub frame
length signal generated 1n the data signal generator 11, and
functions as an example of the short sub frame length signal
generator.

Further, the data signal generator 14 attaches the notifica-
tion information or extension area information related to
specification of a newly introduced radio sub frame such as
the certain size or the bandwidth to the data signal. The
extension area information need not be attached to the data
signal each time the data signal 1s transmitted, and may be
attached to data and transmitted when data 1s transmitted to a
terminal that can use a newly introduced extension area for
the first time, and further, when any of parameters related to
an extension area part 1s changed. Alternatively, only infor-
mation related to the extension area may be separately trans-
mitted to a radio terminal device on the extension area with-
out being attached to data.

Information related to the entire frequency bandwidth of a
radio carrier including both the transmission area and the
extension area of the short sub frame length signal (existing
radio signal) 1s transmitted on the transmission area of the
short sub frame length signal (existing radio signal).

When a radio terminal device capable of using the exten-
s10n area 1n addition to the transmission area of the short sub
frame length signal (existing radio signal) performs an opera-
tion of accessing a radio base station device for the first time,
the radio terminal device recognizes the transmission area
part of the short sub frame length signal (existing radio signal)
arranged inside the carrier, and obtains basic information
such as the presence of the extension area or the size of the
extension area through one of two or more types of notifica-
tion signals transmitted on the area.

The radio base station notifies the radio terminal device
capable of using the extension area in addition to the trans-
mission area ol the short sub frame length signal (existing,
radio signal) of whether data transmission to the correspond-
ing radio terminal device using the extension area is to be
performed through a control signal of a different type from a
control signal transmitted 1n association with a data signal.
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The radio terminal device that has recerved notification as
to whether the extension area 1s to be used starts to monitor the
control signal transmitted to spread in the entire frequency
band of the radio carrier, and monitors the control signal of
cach sub frame unless a special operation state such as an 5
intermittent data transmission operation 1s newly set.

Further, the control signal need not necessarily be spread
from one end of the entire frequency band of the radio carrier
to the other end and transmaitted, and for example, may be
spread 1n one extension area, two extension areas from one 10
extension area to another extension area beyond the transmis-
s10on area of the short sub frame length signal (existing radio
signal), or both one extension area and the transmission area
ol the short sub frame length signal (existing radio signal ) and
transmitted. Notification of a transmission form 1s separately 15
given from the radio base station to the radio terminal device
in advance through the control signal or the notification sig-
nal.

The data generated 1n the data signal generator 14 and the
control signal generated 1n the control signal generator 15 are 20
output to the frequency multiplexer 17 and the multiplexer 18,
respectively.

The frequency multiplexer 17 frequency-multiplexes the
output signal of the time multiplexer 13 and the output signal
of the data signal generator 14. 25

The multiplexer 18 multiplexes the control signals output
from the control signal generators 15 and 16.

The time multiplexer 19 time-multiplexes the output signal
of the frequency multiplexer 17 and the output signal of the
multiplexer 18. 30

Through collaboration of the time multiplexers 13 and 19
and the frequency multiplexer 17, a long sub frame length
signal 1s arranged (mapped) outside the short sub frame
length signal 1n the frequency domain. In other words, the
time multiplexers 13 and 19 and the frequency multiplexer 17 35
function as an example of a signal multiplexer that performs
time multiplexing and frequency multiplexing on the short
sub frame length signal and the long sub frame length signal
such that the short sub frame length signal generated by the
short sub frame length signal generator 1s arranged inside the 40
carrier band, and the long sub frame length signal generated
by the long sub frame length signal generator 1s arranged
outside the carrier band.

Typically, control signals and data signals for a plurality of
mobile terminals are mapped on a single radio sub frame. For 45
this reason, mapping 1s performed such that control signals
for a plurality of mobile terminals are associated with one to
three OFDM symbols 1n the head of the radio sub frame.

Further, for example, each control signal can be mapped
throughout the entire bandwidth of a down link radio carrier 50
so that a maximum frequency diversity gain 1s obtained.

Thus, 1n the present embodiment, the time multiplexers 13
and 19 and the frequency multiplexer 17 arrange the control
signal related to the short sub frame length signal throughout
the entire transmission band of the short sub frame length 55
signal, and arrange the control signal related to the long sub
frame length signal throughout the entire transmission band
ol the long sub frame length signal including the transmission
band of the short sub frame length signal.

Further, the mobile terminal needs a synchronous signal in 60
order to acquire synchronization with the radio carrier, but the
time multiplexers 13 and 19 and the frequency multiplexer 17
arrange a synchronous signal having a signal pattern (or a
code sequence) known to the radio terminal device 1n the
center of the carrier band. The synchronous signal 1s repeti- 65
tively transmitted at a certain time period. In 3GPP LTE
system, an 1dentification number of a radio cell (or sector)

8

formed by the radio base station device 1s associated with the
code sequence of the synchronous signal.

The modulating/RF unit 20 performs a certain modulation
process and a radio transmission process (for example, an
up-converting process) on the signal output from the time
multiplexer 19, and outputs the resultant signal to the trans-
mitting antenna 21.

FIG. 6 1s a diagram illustrating a configuration of the
receiving device according to the first embodiment.

For example, a receiving device 30 illustrated in FIG. 6
includes a recerving antenna 31, an RF/demodulating unit 32,
time demultiplexers 33 and 37, a frequency demultiplexer 34,
data signal extractors 35 and 38, and control signal extractors
36 and 39.

A radio signal received by the receiving antenna 31 1s
subjected to a certain radio reception process (for example, a
down-converting process) and a demodulation process 1n the
RF/demodulating unit 32 and then time-demultiplexed 1n the
time demultiplexer 33.

The output signal of the time demultiplexer 33 is fre-
quency-demultiplexed in the frequency demultiplexer 34.

The output signal of the frequency demultiplexer 34 1s
time-demultiplexed 1n the time demultiplexer 37.

In other words, the time demultiplexers 33 and 37 and the
frequency demultiplexer 34 function as an example of a sig-
nal demultiplexer that performs time demultiplexing and fre-
quency demultiplexing on the short sub frame length signal
and the long sub frame length signal.

The control signal extractor 36 extracts the control signal
of the long sub frame length signal from the output of the time
demultiplexer 33, and outputs the extracted control signal to
the data signal extractor 35.

The data signal extractor 35 extracts the data signal of the
long sub frame length signal based on the control signal of the
long sub frame length signal output from the control signal
extractor 36 from the output of the frequency demultiplexer
34.

The control signal extractor 39 extracts the control signal
of the short sub frame length signal from the output of the
time demultiplexer 37, and outputs the extracted control sig-
nal to the data signal extractor 38.

The data signal extractor 38 extracts the data signal of the
short sub frame length signal and the extension area informa-
tion from the output of the time demultiplexer 37 based on the
control signal output from the control signal extractor 39.

In other words, the control signal extractors 36 and 39
function as an example of a control information extractor that
extracts control information related to the short sub frame
length signal and control information related to the long sub
frame length signal from the signal demultiplexed by the
signal demultiplexer, and the data signal extractors 35 and 38
function as an example of a signal extractor that extracts the
short sub frame length signal and the long sub frame length
signal based on the control information extracted by the con-
trol information extractor.

In the example illustrated in FIG. 6, the extension area
information extracted by the data signal extractor 38 1s input
to the time demultiplexer 33 and the frequency demultiplexer
34, and the time demultiplexer 33 and the frequency demul-
tiplexer 34 perform time demultiplexing and frequency
demultiplexing based on the extension area information, so
that the long sub frame length signal 1s output.

The data signal generators 11 and 14, the control signal
generators 12, 15 and 16, the time multiplexers 13 and 19, the
frequency multiplexer 17, and the multiplexer 18 which are
equipped 1n the transmitting device 10, and the time demul-
tiplexers 33 and 37, the frequency demultiplexer 34, the data
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signal extractors 35 and 38, and the control signal extractors
36 and 39 which are equipped 1n the recerving device 30 may
be configured using a digital signal processor (DSP), a central
processing unit (CPU), or the like appropriately.

The modulating/RF unit 20 and the RF/demodulating unit
32 may be configured by a combination of various kinds of
analog circuits and digital circuits appropriately.

FI1G. 7 1s a diagram illustrating exemplary mapping accord-
ing to the first embodiment.

In the example 1illustrated 1n FIG. 7, a short sub frame
length signal 1s mapped 1n a down link radio transmission
band (which 1s hereinafter referred to as an “existing band” as
well) defined 1n the existing specification, and a long sub
frame length signal 1s mapped on both sides thereof.

Further, for example, the control signal related to the short
sub frame length signal 1s mapped 1n the existing band, and
thus a mobile radio terminal (which 1s hereinatter referred to
as an “existing terminal” as well) designated according to the
existing specification can receive only the short sub frame
length signal as in the related art by monitoring only the
existing band and performing the reception process.

Meanwhile, for example, as the control signal related to the
long sub frame length signal 1s mapped throughout the entire
carrier band, and thus a mobile radio terminal (which 1s
represented by long sub frame support in FIG. 7 and may be
hereinafter referred to as a “new terminal™”) capable of rece1v-
ing both the long sub frame length signal (new radio signal)
and the short sub frame length signal (existing radio signal)
can receive both the long sub frame length signal (new radio
signal) and the short sub frame length signal (existing radio
signal) by monitoring the entire carrier band and performing
the reception process. As described above, the control signal
need not necessarily be spread from one end of the entire
frequency band of the radio carrier to the other end and be
transmitted, and for example, may be spread 1n one extension
area, two extension areas from one extension area to another
extension area beyond the transmission area of the long sub
frame length signal (existing radio signal), or in both one
extension area and the transmission area of the long sub frame
length s1gnal (existing radio signal) and be transmitted. The
new terminal 1s designed to be able to monitor and receive the
control signal transmitted 1in the above-described way.

In other words, the radio terminal device capable of rece1v-
ing only the short sub frame length signal (existing radio
signal) monitors the control signal transmitted through an
inside part of the carrier band, and the radio terminal device
capable of receiving both the short sub frame length signal
and the long sub frame length signal monitors the control
signal transmaitted through the entire carrier and the control
signal transmitted through the inside of the carrier band.

Further, data to be decoded by the radio terminal device
according to the content of the recerved and decoded control
signal 1s transmitted from the radio base station device to the
radio terminal device using the inside part of the carrier band
when the radio terminal device 1s capable of recerving only
the short sub frame length signal (existing radio signal) or
using the entire carrier band when the radio terminal device 1s
capable of receiving both the short sub frame length signal
and the long sub frame length signal.

As described above, the transmission area of the short sub
frame length signal (existing radio signal)1s a band which can
be used for data transmaission to the existing terminal and the
new terminal, and a common control signal used for trans-
mission of system information or the like 1s transmitted
through this band. Meanwhile, the transmission area of the
long sub frame length signal (new radio signal) other than the
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inside of the carrier band need not necessarily be used for
transmission of the common control signal.

Thus, a common pilot signal (or a reference signal) used 1n
all mobile radio terminals for demodulation of a data signal or
a control signal, or quality evaluation of a radio section
between a radio base station and a mobile radio terminal may
be transmitted only through the 1nside of the carrier band, and
only an individual pilot signal rather than the common pilot
signal may be transmitted through an area through which the
long sub frame length signal (new radio signal) 1s transmatted.

In this case, in the area through which only the long sub
frame length signal (new radio signal) 1s transmaitted, for
example, depending on the moving speed of the mobile radio
terminal, an arrangement density or an arrangement pattern of
pilot signals may be changed, and a type of a code or a code
sequence configuring a pilot signal or a signal (for example, a
scramble signal or an identification code of a mobile radio
terminal) used for modulation of a pilot signal may be
changed.

As a form of a pilot signal 1s changed between the trans-
mission area of the short sub frame length signal (existing
radio signal) and the transmission area of the long sub frame
length signal (new radio signal), a merit obtained by changing
a sub frame length according to a type of data to be transmiut-
ted 1increases.

Further, since the synchronous signal 1s mapped to be
arranged 1n the central part in both the existing band and the
carrier band, both the existing terminal and the new terminal
can acquire the synchronous signal by referring to the center
of the monitored band.

Through the above-described configuration, 1t 1s possible
to introduce the mobile radio terminal capable of using radio
sub frames of different lengths according to the nature of data
without influencing the mobile radio terminal designed
according to the existing specification.

Further, in the LTE specification of the related art, the
control signals are mapped with a certain arrangement
throughout the entire transmission band, but in the present
embodiment, since the control signals are not intermittent on
the frequency axis, compatibility with the LTE specification
of the related art 1s good.

Further, since the synchronous signal 1s mapped to be
arranged 1n the center 1n both the existing band and the carrier
band, the synchronous signal can be used by both the existing
terminal and the new terminal, and since synchronous signals
need not be set separately for the existing terminal and the
new terminal, the transmission band can be efficiently used,
and the design cost of the terminal can be reduced.

[2] Second Embodiment

The present embodiment will be described in connection
with an example 1n which a signal having a radio sub frame
having a sub frame length shorter than a signal having a radio
sub frame according to the existing specification 1s newly
introduced.

FIG. 8 1s a diagram 1illustrating a configuration of a trans-
mitting device according to a second embodiment.

For example, a transmitting device 40 1llustrated in FIG. 8
includes data signal generators 41 and 44, control signal
generators 42, 43 and 45, a multiplexer 46, time multiplexers
4’7 and 49, a frequency multiplexer 48, a modulating/RF unit
50, and a transmitting antenna 51.

The data signal generator 41 generates a data signal of a
signal (which 1s hereinafter referred to as an “existing radio
signal” as well) having a radio sub frame of a sub frame length
defined 1n the existing specification.
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The data signal generator 41 attaches notification informa-
tion or extension area information related to a specification of
a newly introduced radio sub frame to the data signal. The
notification information and the extension area information
are the same as 1n the first embodiment, and thus a detailed
description thereof will be omutted.

The control signal generator 42 generates a control signal
associated with transmission of the data signal of the existing
radio signal generated 1n the data signal generator 41.

The control signal of the existing radio signal includes
information related to the frequency width of the existing
band as the frequency domain information, and 1s transmitted
to the mobile radio terminal capable of recerving only the
existing radio signal.

In other words, the data signal generator 41 and the control
signal generator 42 function as an example of an existing
radio signal generator that generates an existing radio signal.

The data signal generator 44 generates a data signal of a
newly mtroduced signal (which is hereinaiter referred to as a
“new radio signal” as well) having a radio sub frame of a
length shorter than a sub frame length defined 1n the existing
specification. The data signal generator 44 can generate
extension area information related to a specification of a
newly mtroduced radio sub frame such as a sub frame length
and attach the extension area information to the data signal.

The control signal generator 45 generates a control signal
associated with transmission of the data signal of the new
radio signal generated 1n the data signal generator 44.

The control signal of the new radio signal includes infor-
mation related to the frequency width of the existing band and
information related to the frequency width 1n the transmission
area ol the new radio signal as the frequency domain infor-
mation, and 1s transmitted to the mobile radio terminal
capable of receiving both the new radio signal and the existing
radio signal.

In other words, the data signal generator 44 and the control
signal generator 45 function as an example of a new radio
signal generator that generates a new radio signal.

The control signal generator 43 can generate a control
signal associated with transmission of a new radio signal and
functions as an example of the new radio signal generator.

The output signals of the control signal generators 42 and
43 are multiplexed by the multiplexer 46, and are output to the
time multiplexer 49.

The data signal generated 1n the data signal generator 41 1s
output to the frequency multiplexer 48.

The time multiplexer 47 time-multiplexes the output signal
of the data signal generator 44 and the output signal of the
control signal generator 45.

The frequency multiplexer 48 frequency-multiplexes the
output signal of the time multiplexer 47 and the output signal
of the data signal generator 41.

The time multiplexer 49 time-multiplexes the output signal
of the frequency multiplexer 48 and the output signal of the
multiplexer 46.

Through collaboration of the time multiplexers 47 and 49
and the frequency multiplexer 48, the new radio signal 1s
mapped outside the existing radio signal in the frequency
domain.

In other words, the time multiplexers 47 and 49 and the
frequency multiplexer 48 function as an example of a signal
multiplexer that performs time multiplexing and frequency
multiplexing on the existing radio signal and the new radio
signal such that the existing radio signal generated in the
existing radio signal generator 1s arranged inside the carrier
band, and the new radio signal generated by the new radio
signal generator 1s arranged outside the carrier band.
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Further, in the present embodiment, the time multiplexers
4’7 and 49 and the frequency multiplexer 48 arrange the con-
trol signal related to the existing radio signal over the trans-
mission band of the existing radio signal, and arranges the
control signal related to the new radio signal over the trans-
mission band of the new radio signal. The control signals need
not necessarily be arranged to spread from one end of the
respective transmission bands to the other end thereotf. Fur-
ther, for example, the control signal of the new radio signal
may be spread in one extension area, two extension areas
from one extension area to another extension area beyond the
existing signal area, or both one extension area and the exist-
ing area, and be transmitted.

Further, the time multiplexers 47 and 49 and the frequency
multiplexer 48 arranges the synchronous signal having a sig-
nal pattern (or a code sequence) known to the radio terminal
device 1n the center of the carrier band of the existing radio
signal and the new radio signal. The synchronous signal 1s the
same as 1n the first embodiment, and thus a detailed descrip-
tion thereof will be omitted.

The modulating/RF unit 50 performs a certain modulation
process and a radio transmission process (for example, an
up-converting process) on the signal output from the time
multiplexer 49, and outputs the resultant signal to the trans-
mitting antenna 31.

FIG. 9 1s a diagram 1llustrating a configuration of a recerv-
ing device according to the second embodiment.

For example, a recerving device 60 illustrated in FIG. 9
includes a recerving antenna 61, an RF/demodulating unit 62,
time demultiplexers 63 and 67, a frequency demultiplexer 64,
data signal extractors 65 and 68, and control signal extractors
66 and 69.

The radio signal received by the receiving antenna 61 1s
subjected to a certain radio reception process (for example, a
down-converting process) and a demodulation process 1n the
RF/demodulating unit 62, and then time-demultiplexed 1n the
time demultiplexer 63.

The output signal of the time demultiplexer 63 1s fre-
quency-demultiplexed in the frequency demultiplexer 64.

The output signal of the frequency demultiplexer 64 1s
time-demultiplexed 1n the time demultiplexer 67.

In other words, the time demultiplexers 63 and 67 and the
frequency demultiplexer 64 function as an example of a sig-
nal demultiplexer that performs time demultiplexing and fre-
quency demultiplexing on the existing radio signal and the
new radio signal.

The control signal extractor 66 extracts the control signal
from the output of the time demultiplexer 63, and outputs the
extracted control signal to the data signal extractor 63.

The data signal extractor 65 extracts, from the output of the
frequency demultiplexer 64, the data signal of the existing
radio signal and the extension area information based on the
control signal output from the control signal extractor 66.

The control signal extractor 69 extracts the control signal
of the new radio signal from the output of the time demulti-
plexer 67, and outputs the extracted control signal to the data
signal extractor 68.

The data signal extractor 68 extracts the data signal of the
new radio signal from the output of the time demultiplexer 67
based on the control signal output from the control signal
extractor 69.

In other words, the control signal extractors 66 and 69
function as an example of a control information extractor that
extracts control information related to the existing radio sig-
nal and control information related to the new radio signal
from the signal demultiplexed by the signal demultiplexer,
and the data signal extractors 65 and 68 function as an
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example of a signal extractor that extracts the existing radio
signal and the new radio signal based on the control informa-
tion extracted by the control information extractor.

In the example illustrated 1n FIG. 9, the extension area
information extracted by the data signal extractor 63 1s input
to the time demultiplexer 63 and the frequency demultiplexer
64, and the time demultiplexer 63 and the frequency demul-
tiplexer 64 perform time demultiplexing and frequency
demultiplexing based on the extension area information, so
that the new radio signal 1s output.

The data signal generators 41 and 44, the control signal
generators 42, 43 and 45, the multiplexer 46, the time multi-
plexers 47 and 49, and the frequency multiplexer 48 which are
equipped 1n the transmitting device 40, and the time demul-
tiplexers 63 and 67, the frequency demultiplexer 64, the data
signal extractors 65 and 68, and the control signal extractors
66 and 69 which are equipped 1n the receiving device 60 may
be configured using a DSP, a CPU, or the like appropnately.

The modulating/RF unit 50 and the RF/demodulating unit
62 may be configured by a combination of various kinds of
analog circuits and digital circuits appropriately.

FIG. 10 1s a diagram 1illustrating exemplary mapping
according to the second embodiment.

In the example illustrated in FIG. 10, only the existing
radio signal 1s mapped 1n the existing band, and the new radio
signal 1s mapped at both sides thereof.

Further, for example, as the control signal related to the
existing radio signal 1s mapped in the existing band, the
ex1isting terminal can receive only the existing radio signal as
in the related art by monitoring only the existing band and
performing the reception process.

Meanwhile, for example, as the control signal related to the
new radio signal 1s mapped in the transmission band of the
new radio signal, the mobile radio terminal capable of recerv-
ing both the new radio signal and the existing radio signal can
receive both the new radio signal and the existing radio signal
by monitoring the transmission band of the new radio signal
and the transmission band of the existing radio signal and
performing the reception process.

In other words, the radio terminal device capable of rece1v-
ing only the existing radio signal monitors the control signal
transmitted through the inside part of the carrier band, and the
radio terminal device capable of recerving both the existing
radio signal and the new radio signal monitors the control
signal transmitted through the entire carrier band and the
control signal transmitted through the inside of the carrier
band.

Further, data to be decoded by the radio terminal device
according to the content of the received and decoded control
signal 1s transmitted from the radio base station device to the
radio terminal device using an 1nside part of the carrier band
when the radio terminal device 1s capable of recerving only
the existing radio signal or using a part of the entire carrier
band when the radio terminal device 1s capable of receiving
both the existing radio signal and the new radio signal.

Through the above-described configuration, it 1s possible
to 1ntroduce the mobile radio terminal capable of using radio
sub frames of different lengths according to the nature of data
without influencing the mobile radio terminal designed
according to the existing specification.

Further, since the synchronous signal 1s mapped to be
arranged 1n the center 1n both the existing band and the carrier
band, the synchronous signal can be used by both the existing
terminal and the new terminal, and since synchronous signals
need not be set separately for the existing terminal and the
new terminal, the transmission band can be efficiently used,
and the design cost of the terminal can be reduced.
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[3] Modification of Second Embodiment

FIG. 11 1s a diagram illustrating a transmitting device
according to a first modification of the second embodiment.

For example, a transmitting device 40' illustrated 1n FIG.
11 includes data signal generators 41 and 44, control signal
generators 42 and 43', a multiplexer 46, a time multiplexer 49,
a frequency multiplexer 48, a modulating/RF unit 50, and a
transmitting antenna 31. In FI1G. 11, the components denoted
by the same reference numerals have the same function as the
above-described components, and thus a detailed description
thereof will not be repeated.

The control signal generator 43' generates a control signal
associated with transmission of the data signal of the new
radio signal generated in the data signal generator 44. The
control signal generator 43' generates a control signal corre-
sponding to two sub frames of the new radio signal.

FIG. 12 1s a diagram illustrating a transmitting device
according to the first modification of the second embodiment.

For example, a receiving device 60' 1llustrated 1n FIG. 12
includes a recerving antenna 61, an RF/demodulating unit 62,
a time demultiplexer 63, a frequency demultiplexer 64, data
signal extractors 65' and 68', and a control signal extractor 66'.
In FIG. 12, the components denoted by the same reference
numerals as described above have the same function as the
above-described components, and thus a detailed description
thereof will not be repeated.

The control signal extractor 66' extracts the control signals
of the existing radio signal and the new radio signal from the
output of the time demultiplexer 63, and outputs the extracted
control signal to the data signal extractors 65' and 68'.

The data signal extractor 65' extracts the data signal of the
existing radio signal and the extension area information from
the output of the frequency demultiplexer 64 based on the
control signal output from the control signal extractor 66'.

The data signal extractor 68' extracts the data signal of the
new radio signal from the output of the frequency demulti-
plexer 64 based on the control signal output from the control
signal extractor 66'.

FIG. 13 1s a diagram illustrating exemplary mapping
according to the first modification of the second embodiment.

In the example 1illustrated i FIG. 13, only the existing
radio signal 1s mapped 1n the existing band, and the new radio
signal 1s mapped at both sides thereof.

Meanwhile, for the control signal, parts of the control
signal of the existing radio signal and the control signal of the
new radio signal are arranged in the existing radio band
together, and the control signal of the new radio signal 1s
arranged on both sides thereof.

Unlike the second embodiment, the control signal of the
new radio signal 1s transmitted together 1n a time zone in
which the control signal of the existing radio signal 1s trans-
mitted.

In the control signal to be transmitted to each radio terminal
device, of first and second short sub frames, a short sub frame
used for transmission of the data signal with which the control
signal 1s associated 1s represented using one bit. Further, a
frequency part of each short sub frame used for transmission
of the data signal i1s represented 1n the control signal, for
example, using a bit map.

Further, mapping may be performed as illustrated in FIG.
14 using the transmitting device 40" illustrated 1n FIG. 11 and
the recerving device 60' illustrated in FIG. 12.
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In this case, 1n the control signal to be transmitted to each
radio terminal device, among first to fourth short sub frames,
a short sub frame used for transmaission of the data signal with
which the control signal 1s associated 1s represented using two
bits. Further, a frequency part of each short sub frame used for
transmission of the data signal 1s represented in the control
signal, for example, using a bit map.

According to the above modifications, similarly to the
above-described embodiments, 1t 1s possible to mtroduce the
mobile radio terminal capable of using radio sub frames of
different lengths according to the nature of data without influ-
encing the mobile radio terminal designed according to the
ex1isting specification.

Further, since the control signals are not intermittent on the
frequency axis, compatibility with the LTE specification of
the related art 1s good.

[4] Others

The respective components and the respective functions of
the transmitting devices 10, 40 and 40' and the recerving
devices 30, 60 and 60' may be selected according to need or
may be appropriately combined. In other words, the respec-
tive components and the respective functions may be selected
or may be approprately combined so that the functions
according to the present disclosure can be implemented.

The first embodiment has been described 1n connection
with the example 1n which the two different radio sub frames
are simultanecously transmitted, but three types of radio sub
frames may be simultaneously transmitted. In this case, map-
ping may be performed as 1llustrated 1n FIG. 15.

In this case, a transmitting device may be configured by
turther arranging the data signal generator, the control signal
generator, the frequency multiplexer, and the time multi-
plexer which are surrounded by a chain line in FIG. 5 at the
stage prior to the modulating/RF unit 20.

In this case, an exemplary configuration of the transmitting,
device 1s 1llustrated in FI1G. 16.

Further, when the number of types of radio sub frames 1s
turther increased, 1t 1s desirable to further add the data signal
generator, the control signal generator, the frequency multi-
plexer, and the time multiplexer which are surrounded by a
chain line i FIG. 5.

Meanwhile, a receiving device may be configured by fur-
ther arranging the time demultiplexer, the frequency demul-
tiplexer, the data signal extractor, and the control signal
extractor which are surrounded by a chain line 1n FIG. 6 at the
stage behind the RF/demodulating unmit 32.

An exemplary configuration of the receiving device 1n this
case 1s 1llustrated in FIG. 17.

Further, when the number of types of radio sub frames 1s
increased, 1t 1s desirable to further add the time demultiplexer,
the frequency demultiplexer, the data the signal extractor, and
the control signal extractor which are surrounded by a chain

ine 1n FIG. 6.

Further, 1n the second embodiment, similarly, a plurality of
signals having radio sub frames of different lengths may be
simultaneously transmitted.

Further, the second embodiment has been described 1n
connection with the example 1n which the existing band exists
only 1n a specific frequency but can be similarly applied to an
example 1n which the existing band exists 1n a difierent fre-
quency for each sub frame.

In this case, for example, mapping may be performed as
illustrated 1 FIG. 18. For the position of the synchronous
signal, a mapped position may be decided 1n advance and
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shared by the transmitting device and the receiving device, or
separate notification using a control signal may be made.

Further, as illustrated in FIG. 19, aradio base station device
1 may be configured using the respective components and the
respective Tfunctions of the transmitting devices 10, 40, 10’
and 40" appropnately.

Further, as illustrated in FIG. 19, a radio terminal device 2
may be configured using the respective components and the
respective Tunctions of the recerving devices 30, 60, 30' and
60' appropriately.

According to the embodiments of the disclosure, it 1s pos-
sible to implement a mobile communication system in which
sub frames of different lengths can be transmitted and
received without influencing an existing system.

All examples and conditional language recited herein are
intended for the pedagogical purposes of aiding the reader 1n
understanding the mvention and the concepts contributed by
the inventor to further the art, and are not to be construed
limitations to such specifically recited examples and condi-
tions, nor does the orgamization ol such examples in the
specification relate to a showing of the superiority and infe-
riority of the mvention. Although one or more embodiments
of the present inventions have been described in detail, 1t
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the ivention.

What 1s claimed 1s:

1. A radio signal transmission method, comprising:

transmitting a plurality of radio signals having different

sub frame lengths on a radio carrier,

arranging a plurality of short sub frames 1nside the radio

carrier, each of the plurality of short sub frames having
lengths 1n time domain equal to each other and widths 1n
frequency domain equal to each other, each of the short
sub frames comprising a control region appended 1n
time domain with a data region corresponding to a plu-
rality of user terminals, the control region and the data
region being of equal widths in frequency domain;
arranging, by a multiplexer, of a long sub frame to be only
outside a frequency band width of the short sub frame
and within the frequency band width of the radio carrier,
the long sub frame having a length equal to a multiple of
the length of a short sub frame and 1s aligned 1n time with
a sequence of the continuous short sub frames such that
the start of the first short sub frame of the sequence 1s
aligned 1n time with the start of the long sub frame and
the end of the last short sub frame of the sequence 1s
aligned 1n time with the end of the long sub frame;
transmitting, in the control region of each short sub frame,
information indicating the frequency band width of cor-
responding each of the short sub frame, to a terminal
capable of recerving only the short sub frames as control
information of the short sub frames arranged throughout
the frequency band width of the short sub frames; and
transmitting the information indicating related to the fre-
quency band width of the short sub frames and informa-
tion indicating the frequency band width of the radio
carrier, to a terminal capable of receirving both the short
sub frame and the long sub frame as control information,
arranged throughout the frequency band width of the
radio carrier and overlapping the control region of the
first short frame of the sequence, of the long sub frame.

2. The radio signal transmission method according to claim
1,

wherein a synchronous signal related to the short sub

frames and the long sub frame 1s arranged 1n a central
portion of the radio carrier.
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3. The radio signal transmission method according to claim
1,

wherein an area through which the short sub frames are
transmitted differs from an area through which the long
sub frame 1s transmitted 1n at least one of an arrangement
pattern, an arrangement density, and a code sequence of
a reference signal used by a radio terminal device for
demodulation of a data signal or a control signal, or
quality evaluation of a radio section between a radio
base station device and each radio terminal device.

4. A radio signal transmitting device that transmits a first
radio signal of a plurality of short sub frames on aradio carrier
and a second radio signal of a long sub frame, each of the
plurality of short sub frames having lengths 1n time domain
equal to each other and widths in frequency domain equal to
cach other, each of the short sub frames comprising a control
region appended in time domain with a data region corre-
sponding to a plurality of user terminals, the control region
and the data region being of equal widths 1n frequency
domain, the radio signal transmitting device comprising:

an {irst radio signal generator that generates the short sub
frames, and generates information indicating a fre-
quency band width of the short sub frame as control
information, arranged throughout the frequency band
width of the short sub frames, of each of the short sub
frame which 1s transmitted, in respective control regions
of each of the certain sub frames, to a terminal capable of
receiving only the short sub frames;

a second radio signal generator that generates the long sub
frame of the second radio signal, and generates the infor-
mation indicating the frequency band width of the short
sub frame and information indicating the radio carrier as
control information, arranged throughout the frequency
band width of the radio carrier and overlapping the con-

trol region of the first short sub frame of a sequence of
continuous short sub frames, of the long sub frame of the
second radio signal which 1s transmitted to a terminal
capable of receiving both the short sub frames and the
long sub frame of the second radio signal; and
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a signal multiplexer that:
performs time multiplexing and frequency multiplexing on

the short sub frames and the long sub frame of the second
radio signal such that the long sub frame of the second
radio signal has a length equal to a multiple of the length
of a short sub frame and 1s aligned in time with the
sequence of the continuous short sub frames such that
the start of the first short sub frame of the sequence 1s
aligned 1n time with the start of the long sub frame of the
second signal and the end of the last short sub frame 1s
aligned 1n time with the end of the long sub frame of the
second radio signal, the short sub frames generated by
the first radio signal generator are arranged inside the
radio carrier, and the long sub frame of the second radio
signal generated by the second radio signal generator 1s
arranged only outside the frequency band width of the
short sub frames and within the radio carrier;

performs multiplexing on the information related to the

short sub frame and the control information related to
the long sub frame of the second radio signal.

5. The radio signal transmitting device according to claim

wherein the signal multiplexer arranges a synchronous sig-

nal related to the short sub frames and the long sub frame
of the second radio signal 1n a central portion of the radio
carrier.

6. A radio signal recerving device that receives either of a
signal of the short sub frames and a signal of the long sub
frame from the radio signal transmitting device according to
claim 4, the radio signal receiving device comprising:

a signal demultiplexer that performs time demultiplexing

and frequency demultiplexing on the signal of short sub
frames and the signal of the long sub frame;

a control information extractor that extracts the control

information of the short sub frames and the control infor-
mation of the long sub frame from a signal outputted by
the signal demultiplexer; and

a signal extractor that extracts the first radio signal of the

short sub frames and the second radio signal of the long,
sub frame based on the control information extracted by
the control information extractor.
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